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T h i s  i s  t h e  f i n a l  r e p o r t  a f t e r  t h e  c o n c l u s i o n  of  C o n t r a c t  No. NAS 8-20501. 
The  c o n t r a c t  was let for Phases  I and I1 i n  t h e  development of a C l i b r a t a b l e  
P r e s s u r e  Switch d e s i g n a t e d  Model 471 by Bourns, Inc .  
of t h e  c o n t r a c t  was to  be t e n  months; however, a t w o  month e x t e n s i o n  was 
& r a n t e d  bebinning  May 1 and running through June 3 0 ,  1966, when a l l  e f f o r t  on 
t h e  p r o j e c t  G a s  t e r m i n a t e d  except  f o r  t h e  w r i t i n g  of t h i s  r e p o r t .  
of t h e  t h r e e  exarnple u n i t s  intended under Phase I1 was c a r r i e d  t o  t h e  p o i n t  
of o b t a i n i n g  o p e r a t i o n a l  d a t a .  T h i s  one u n i t  i s  cons idered  i n d i c a t i v e  of 
the performance capabilities of t h e  Model 471, and t h e  test d a t a  o b t a i n e d  
i n d i c a t e d  t h a t  t h e  d e s i t n  f a l l s  s n o r t  of t ne  c o n t r o l l i n g  s p e c i f i c a t i o n  
HSFC Drawin& No. 20M320f1 requi rements  r n  Sotit t h e  tempera ture  and v i b r a t i o n  

The o r i g i n a l  d u r a t i o n  

Only one 

p e r f o r n a n c e  c a t e g o r i e s .  

2.0 SUMMARY OF PHASES I A E D  I1 

The purpose of P h a s e  I a s  def ined  by t h e  c o n t r a c t  was t o  c o r r e l a t e  t h e o r e t i c a l  
and e m p i r i c a l  in format ion  r e l e v a n t  t o  t h e  d e s i b n  concept  chosen t o  meet t h e  
r e q u i r e m e n t s  of t h e  c a l i b r a t a b l e  p r e s s u r e  s w i t c h  under  MSFC Specif  i c a t i o n  
20W2021. 
+L65'F and 
Under Phase I1 the i n f o r m a t i o n  gained d u r i n g  t h i s  t h e o r e t i c a l  and empirical  
s t u d y  was t o  be used i n  t h e  des ign  and manufacture  of t h r e e  example u n i t s  of  
t h e  new i n s t r - w e n t  des ign .  

P r i n c i p a l  among t h e  requi rements  are o p e r a t i o n  between -4LO'F and 
d u r i n g  30.0 g peak s i n u s o i d a l  v i b r a t i o n  between 38 and 2000 cps .  

2.1 Pnase I - Correla,t ion between T h e o r e t i c a l  and E m p i r i c a l  Informat ion  

The "snapbeam" nodule  is  both  t h e  h e a r t  and t h e  p e c u l i a r i t y  of t h e  Bourns 
Model 471. T h i s  component c o n s i s t s  of e f l a t  s p r i n g  clamped s e c u r e l y  st 
e a c h  end and having an a c t i v e  l e n g t h  of .50 i n c h e s  between clamps. When 
mounted i n  t h e  snapbeam module t h e  f l a t  s p r i n g  i 8  squeezed endwise between 
h o r i z o n t a l  end clamps so as t o  c a u s e  a .020 t o  .030 inch  bow. To o b t a i n  
a f r i c t i o n l e s s  c o u p l i n g  between t h e  snapbeam component and t h e  rest of the 
l i n k a g e ,  a .012 i n c h  d iameter  s t a i n l e s s  s tee l  wire is a f f i x e d  to  t h e  approx- 

t e n s i o n  f o r c e  p r o f i l e s  of t h r e e  characterist ic snapbeam modules f a b r i c a t e d  
d u r i n g  t h e  l a t t e r  months of the  c o n t r a c t .  Refer  t o  t h e  f o l d - o u t  s i z e  
l a y o u t  on t h e  l a s t  page of  t h e  r e p o r t  for t h e  r e l a t i v e  l o c a t i o n  of t h e  snap- 
beam module and t h e  o t h e r  c m p o n e n t s  of t h e  Model 471 ins t rument  l i n k a g e .  

*--+a _.-- --**a- ------- fiq _-  --- -  ? - + t i * -  _ _ -  lenz:th nf t h e  f l e e  Qprinz:. Fivirrcr - 1 gives the  

I n  Fi,ure 2 ,  a sumnation of t h e  snapbeam f o r c e  p r o f i l e  and t h e  remain ing  
l i n e a r  s p r i n g s  of t h e  l inkage  i s  p l o t t e d  on c o o r d i n a n t s  of input  f o r c e  vs .  
l i n k a g e  d isp lacement .  For t h e  purposes  of t h i s  c h a r t ,  i n p u t  f o r c e  may be 
conceived o f  i n  e i t h e r  ki lograms or PSI of i n p u t  p r e s s u r e .  The c o n v e r s i o n  
between t h e s e  two w a s  found to be 300 grams p e r  PSI  of p r e s s u r e .  I n  
u n d e r s t a p d i n s  t h e  snap f u n c t i o n  of t h e  M-471, t h e  n e g a t i v e  s l o p e  o f  segment 
A0 i s  t h e  s i h n i f i c a n t  p o r t i o n  of  t h e  c h a r t .  The v e r t i c a l  d i sp lacement  
between p o i n t s  B and C r e p r e s e n t s  t h e  force a v a i l a b l e  f o r  a c t u a t i n g  t h e  s w i t c h  
module which c o n t a i n s  t h e  e l e c t r i c a l  s w i t c h i n g  c o n t a c t s  of t h e  ins t rument .  
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With t h e  i n p u t  p r e s s u r e  he ld  c o n s t a n t  a t  33 PSI,  motion a l o n g  t h e  segment 
between p o i n t s  A and 3 r e p r e s e n t s  b r e e t e r  and g r e a t e r  f o r c e  a v a i l a b l e  t o  
do t he  u s e f u l  work of s w i t c h  module o p e r a t i o n .  

I n  o r d e r  t o  v e r i f y  t h e  a n a l y s i s  o f  Figure 2, t w o  u n i t s  of a p r e - p r o t o t y p e  
v e r s i o n  of t h e  de8ign  were assembled to  test t h e  snap a c t i o n  concept  and 
t o  o b t a i n  e m p i r i c a l  in format ion  on t h e  s p r i n g  system involved.  One of 
t h e s e  pre-pro to type  d e s i g n s  i e  p i c t u r e d  i n  F i g u r e  3. 

The c a l c u l a t i o n s  r e q u i r e d  f o r  F i g u r e  2 r e s u l t  i n  a n  a n a l y t i c  v a l u e  of 1300 
gams f o r  t h e  .008 i n c h  snap a c t i o n  n o t e d  on t h e  FLgure. T h i s  compares w i t h  
an e m p i r i c a l  v a l u e  of 1050 grams o b t a i n e d  from measurements t a k e n  on t h e  p r e -  
p r o t o t y p e  d e s i g n  of F i g u r e  3. T h i s  is a v a r i a t i o n  of 19.2%, based on t h e  
a n a l y t i c a l  value as be ing  t h e  more a c c u r a t e .  
13.2% seems r a t h e r  e x c e s s i v e ,  t h i s  v a r i a n c e  i s  c u r r e n t l y  assumed t o  r e s u l t  
from i n a c c u r a c i e s  in t h e  measurements taken  from t h e  e m p i r i c a l  model. 

Although a deecrepancy o f  

2 . 2  Phase XI - Bui ld ing  o f  P r o t o t y p e s  

During February ,  1966, t h e  pre-pro to type  v e r s i o n  o f  t h e  d e s i g n  was r e v i s e d  
and brought  up t o  d a t e  t o  i n c o r p o r a t e  t h e  e x p e r i e n c e  ga ined  w i t h  t h e  p r e -  
p r o t o t y p e  u n i t s .  Between March and June ,  1590 man-hours were expended 
toward t h e  p r o d u c t i o n  of the t h r e e  p r o t o t y p e s  of Phase 11. 506 of t h i s  
t o t a l  were Machine Shop hours  f o r  p a r t s  product ion ,  and 1084 were t e c h n i c i a n  
hours  f o r  assembly. S u b t r a c t i n g  rework and exper imenta l  time from t h e s e  
f i g u r e s ,  t h e  a p p r o p r i a t e  f i b u r e s  would be approximate ly  400 hours  t o t a l  f o r  
p a r t s  f a b r i c a t i o n  and 542 hours f o r  assembly. These t o t a l s  e q u a t e  to  approx- 
imate  p e r  u n i t  f i g u r e s  of  130 hours  f o r  p a r t s  product ion  and 180 hours  f o r  
a s s e m b l y .  These are  n e c e s s a r i l y  rough approximat ions  because of t h e  abundance 
of rework e f f o r t ,  p a r t i c u l a r l y  i n  t h e  assembly c a t e g o r y ,  and t h e  f a c t  t h a t  
on ly  one of t h e  t h r e e  p r o t o t y p e  u n i t s  can be s a i d  t o  have been c a r r i e d  c l o s e  
t o  comple t ion ,  t h e  o t h e r  t w o  u n i t s  remain ing  only  about  25% complete  a s  of 
t h e  t e r m i n a t i o n  d a t e  of t h e  c o n t r a c t .  

Drawing No .  2004711000, t h e  f i n a l  O u t l i n e  Drawing of t h e  b d e l  471, i s  

of t h i s  r e p o r t  i s  t h e  f i n a l  up-dated d e e i g n  l a y o u t  as of t h e  t e r m i n a t i o n  d a t e .  
5???',?23d< 9% pS+c-+= --e- of  E??? ,4??-!P"diI.r, Th14 feI.l-ol.?r .IriP-...iog 0" t h o  les t  Pe",e 

2 . 2 . 1  A c t i v i t y  During F i n a l  Month of C o n t r a c t  (June):  P r o g r e s s  i n  t h e  
a s s e m b l y  o f  t h e  t h r e e  p r o t o t y p e s  was s a t i s f a c t o r y  up t o  June 10. P r o t o t y p e  
$3 was broubht  t o  t h e  p o i n t  of dynamic b a l a n c i n g  and P r o t o t y p e s  #4 and #5 
were both  o p e r a t i v e  after e s t a b l i s h i n g  e&e o v e r p r e s s u r e  h e r e d i t y  of t h e  
s y s t e m  and c a l i p s  p o r t  diaphragms. 
made on e i t h e r  P r o t o t y p e  #3 or #4, w i t h  # 3  f a l l i n g  o u t  of c a l i b r a t i o n  
d u r i n g  the  dynamic ba lanc ing  procedure ,  and U n i t  #4 developlng  a f a u l t y  
snapbeam module. A s  of June 15, P r o t o t y p e  # 5  had been c a r r i e d  through 
t h e  dynamic b a l a n c i n g  and vacuum s e a l i n g  o p e r a t i o n s  w i t h  a p p a r e n t  8ucces6. 

A f t e r  t h e  l o t h ,  l i t t l e  p r o g r e s s  was 
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On t h e  1 5 t h ,  -320OF performance w a s  o b t a i n e d  from P r o t o t y p e  Unit  #5  
( s e e  be lo i i ) .  Sowever, fo l lowing  t h i s  tempera ture  performance tes t  
a s e r i o u s  leak  was found to  have developed i n  t h e  system diaphragm 
of t h e  u n i t .  
P r o t o t y p e  # 5  w a s  set aside and ha6 been l e f t  in s u b s t a n t i a l l y  t h e  
c o n d i t i o n  i t  e x i s t e d  as of t n e  1 5 t h  Jcae. 
t h e  month, one d i f f i c u l t y  a f t e r  a n o t h e r  prevented  t h e  comple t ion  of 
P r o t o t y p e  U n i t s  $3 and #4 and these t w o  u n i t s  now s t a n d  approximate ly  
25'8 complete ,  having a t  v a r i o u s  p o i n t s  i n  time been c a r r i e d  forward t o  
approximate ly  t h e  80% complete c o n d i t i o n .  

Because of t h e  d i f f i c u l t y  of c o r r e c t i n g  t h i s  t y p e  l e a k ,  

During t h e  remainder  of 

2.3 Performance Data from P r o t o t y p e  $5 

The performance d a t a  given below w a s  t aken  from P r o t o t y p e  #5 and i s  con- 
s i d e r e d  v a l i d  as f a r  as i t  goes, e x c e p t  t h a t  t h e  f i n a l  r e a d i n g s  t a k e n  
a f t e r  t h e  -320'F soak show c o n s i d e r a b l e  i n f l u e n c e  due t o  the l e a k  mentioned 
above. 

2.3.1 -320'F Performance: Comparative data t a k e n  through t h e  system and 
t h e  c a l i p s  p o r t s  are g i v e n  i n  T a b l e  I. I n  a l l  c a s e s  t h e  comparison between 
t h e  system and c a l i p s  o p e r a t i o n  i s  v a l i d .  A l s o  t h e  d i f f e r e n t i a l  p r e s s u r e  
between a c t u a t i o n  and d e a c t u a t i o n  is v a l i d  i n  a l l  cases. The 0.71 PSI 
s h i f t  between t h e  o r i g i n a l  and t h e  f i n a l  c a l i b r a t i o n s  of t h i s  ins t rument  
a r e  b e l i e v e d  t o  r e s u l t  from t h e  l e a k  mentioned above i n  Parabraph  2.2.1. 
The maximum pressure d i f f e r e n t i a l  observed i n  t h e  system p o r t  was 2.27 PSI 
a t  -32OoP, compared to  t h e  s p e c i f i c a t i o n  l i m i t  of 1.5 PSI max. 

TABLE I 

-- -I __.__ . ." _.._ .- -.-. ~. . _. . - .  . .. .-.....----. I- - . .- - - 
-320°F Performance of P r o t o t y p e  Uni t  # 3  

_I_-- 

i 
System P o r t  C a l i p s  Port 

. I._-- 

_---_. . - . - 

i 

33.90 ! -  
I riuoai 
f ( i n i t i a l )  1.02 33 .91  
! 

1 -320'F 34.12 32.32 

I 

_L__-.___-__ --. 
1 

i 34.09 32.32 1.79 8 

34.08 i 
? 

33.85 3 4 . 6 0  33.75 0.85 
33.75 0.85 ; 

33.85 0.90 3 4 . 6 0  33.75 0.85 j 

( f i n a l )  

Key: PA - A c t u a t i o n  P r e s s u r e  
PD A P  - Actua t ion/Deactua t ion  P r e s s u r e  D i f f e r e n t i a l  

D e a s t u a t i o n  P r e s s u r e  

. r .  _. . _- --.. . -  - ....-.- -1- ---__ .-_._ .- - - .  , .. . . ... 



2.3.2 V i b r a t i o n  Performance of Pro to type  Unit  #5: A r e c o r d  t a p e  
w a s  t a k e n  acco rd ing  t o  t h e  procedure  of M!WC No. 20M.32021, Para. 
4.3.4.9 V i b r a t i o n ;  
l e v e l s  were a p p l i e d  i n s t e a d  of t h e  30 g peak s p e c i f i e d .  
t h e  s e n s i t i v e  a x i s  w a s  tested. 

however, o n l y  10 g and 20 g peak s i n u s o i d a l  
Only 

Switch  c o n t i n u i t y  was sound at bo th  g - l e v e l s  w i t h i n  0.3 PSI  o f  
the c r i t i c a l  ac tua t&on  and d e a c t u a t i o n  pressures, excep t  a t  
approximate ly  1000,1150, and 1550-2000 c p s .  A t  t h e s e  r e s o n a n t  
f r e q u e n c i e s ,  bo th  m u l t i p l e  c o n t a c t  t r a n s f e r s  and opens were 
observed .  

3 .O CONCLUSION 

A t  t h e  comple t ion  of Phase 11, t h e  Bourns Plodel 471 f a l l s  s h o r t  of t h e  MSFC 
No. 20M320Ll requi rement  in  t h e  major performance c a t e g o r i e s  of o p e r a t i o n a l  
t empera tu re  and v i b r a t i o n .  Although t h e  in s t rumen t  is o p e r a t i v e  between 
- 3 L O * F  and room t empera tu res ,  t h e  a c t u a t i o n l d e a c t u a t i o n  p r e s s u r e  d i f f e r e n t i a l  
is approximate ly  20% over  t h e  maximum a l lowed va lue .  
be  c o n s i d e r e d  o p e r a t i v e  du r ing  v i b r a t i o n  s p e c i f i e d  i n  Paragraph 4.3.4.5 of 
MSFC No. 20Eo2021. 

The ins t rumen t  cannot  
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Date 

6-1-66 

- 

6-2-66  

6-6-66  

6-7-66  

6-8-66  

6 - 9 - 6 6  

6-10-66  

6-14-66  

6-15-66 

6 -  16-66 

6-20-66  

6 -23-66  

6-24-66  

6-27-66  

6 - 30-66 

DAILY ACTIVITY UX; 

A c t i v i t y  

Reworked swifch  module t o  match requi rements  of P r o t o t y p e  
Unit  iF3. 

Ran t h e  Leak Check on Base Assemblies  ( i s o l a t i o n  diaphragm) 
f o r  U n i t s  #4 and 85. 

Obtained C a l i p s  P o r t  performance on U n i t s  k4 and 85. 

Cfiar;ge f l e x  p i v o t s  on Unit  45 from .0115 t o  .0087" t h i c k n e s s  
t o  allow i n c r e a s e d  s t i f f n e s s  i n  t h e  Be-Cu range diaphragm. 

Experienced l e a k s  i n  t h e  PT06-CE-12-3P t y p e  e lectr ical  
c o n n e c t o r s  and dec ided  t o  s u b s t i t u t e  PTUi-ti-4P t y p e  c o n n e c t o r s  
on hand. 

Attempted dynamic b a l a n c i n g  for & l i t  #3. 

Uni t  23 out of c a l i b r a t i o n  a f t e r  p r e v i o u s  d a y ' s  v i b r a t i o n .  

Obtained s u c c e s s f u l  o p e r a t i o n  w i t h  Unit  #5 and performed 
dynamic ba lance  procedure .  Baked u n i t  i n  vacuum oven a t  
230°F f o r  I )  hours .  

Vacuum a e a l e d  Unit  # 5  and demonstrated -320°F o p e r a t i o n  f o r  
v i s i t i n g  NASA personnel .  

Discovered leak i n  Gnit  G5. 

Reworked w i t c h  module for Uni t  #4 but  f a i l e d  t o  o b t a i n  good 
snap a c t i o n .  

Changed range s p r i n g  on Uni t  #4. 

Snapbeam of Unit #4 d i s c o v e r e d  c racked  due t o  d e f e c t i v e  s p o t  
we I d s .  

b u n t e d  new snapbeam f o r  Uni t  84 and began reassembly.  

Obtainad 20 g peak s i n u s o i d a l  v i b r a t i o n  d a t a  from Uni t  #5. 
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